A significant proportion of patients with severe aortic stenosis have concomitant coronary disease 1,2 . The decision to intervene on such disease has traditionally been guided by angiographic appearance. Intracoronary physiology has been demonstrated to be more accurate than angiography when determining which stenoses need to be treated 3 . However, patients with significant valve disease have been excluded from all validation 4,5 and randomised studies 6,7 involving these tools. Therefore, the role of such techniques in these patients is yet to be determined. In this issue of EuroIntervention, Scarsini et al 8 compare diagnostic categorisation of the instantaneous wave-free ratio (iFR) to fractional flow reserve (FFR) in 66 patients (145 lesions) before and after transcatheter aortic valve implantation (TAVI).
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The procedures were performed by a group skilled in physiological research, in patients under local anaesthetic to minimise any haemodynamic perturbations. Physiological assessment was made as soon as possible post valve insertion. The mean iFR value pre TAVI across the population was identical to the mean FFR value. iFR pre TAVI had a negative predictive value of 98.8%. The mean iFR pre TAVI was identical to the iFR value post TAVI. There was a 15% categorisation change by iFR after TAVI.
Their study highlights three important aspects of the assessment of any physiological index in a new clinical context: 1) the need for a valid reference standard; 2) the importance of understanding stenosis distribution when interpreting results; and 3) the need for further studies in this field.
The importance of a valid reference standard
FFR is dependent on maximal hyperaemia. In patients with aortic stenosis this is significantly impaired due to a complex interplay between the stenotic valve, elevated left ventricular end-diastolic pressure, left ventricular hypertrophy and the associated negative remodelling of the coronary microcirculation 9,10 . These factors result in an impaired response to hyperaemic agents such as adenosine 11 . Patients with aortic stenosis have therefore been excluded from all the pivotal clinical studies of FFR.
The identical iFR and FFR values in Scarsini's study demonstrate the inability of adenosine to increment flow above that of baseline in these patients. The inability to achieve maximal hyperaemia invalidates the physical principles upon which FFR depends and therefore calls into question the validity of using this index as a reference standard in patients with aortic stenosis, and certainly the use of the 0.80 cut-point used in this study. The negative and positive predictive values derived in this study should be interpreted with this in mind. Indeed, studies using coronary flow velocity as well as pressure have highlighted the sensitivity of hyperaemic indices to aortic stenosis 12 . Interestingly, such studies suggest that hyperaemic parameters are more susceptible to change post TAVI than resting parameters. This is consistent with Scarsini's results, demonstrating identical average iFR values pre and post TAVI.
The importance of stenosis distribution
The mean iFR pre TAVI was identical to the mean iFR post TAVI (0.89). However, in 15% of patients iFR categorisation of coronary stenosis severity changed post TAVI. The direction of change was unpredictable and higher than the categorisation change with FFR. To conclude that iFR is more sensitive than FFR to aortic stenosis based on this fails to appreciate the role of population distribution and the limitations of using a continuous variable dichotomously. The apparent greater categorisation change is simply a result of the distribution of iFR values when compared to FFR values. The majority of patients in this study had iFR values that grouped around the iFR cut-point, either just above or just below. Any biological variation will therefore lead to treatment reclassification of a large proportion of patients when the inherent variability of iFR causes its value to drop below or climb just above the treatment threshold post TAVI. In contrast, the majority of patients had FFR values (mean pre-TAVI FFR 0.88) that were significantly further away from the FFR cut-point (due to inadequate hyperaemia); the number of patients with FFR values around the 0.80 threshold was significantly less than the number of patients with iFR values around 0.89. Therefore, any numerical variation in FFR resulted in fewer patients having their stenosis classification changed (Figure 1) . The categorisation change or lack of change is therefore an artefact of using a continuous variable such as FFR or iFR dichotomously, the inability to achieve a true FFR due to a lack of hyperaemia and stenosis distribution. In such a scenario, the index with a mean value (majority of patients) far away from the cutpoint can appear to have less categorisation variability despite the same numerical variability. This categorisation variability around the treatment threshold has been defined in FFR. When measured 10 minutes apart in the same patient, FFR itself has a categorisation change in 15%, increasing to 50% when FFR values are close to the treatment threshold 13 .
Whether the categorisation change with iFR was due to the aortic valve or due to the inherent variability of the biological index cannot be answered by Scarsini's study. To answer this question would require the iFR to be measured twice pre TAVI and then measured twice post TAVI and the inherent variability compared with the iFR change pre compared to post TAVI in each patient.
But does classification change have clinical implications in the TAVI patient? On balance, it appears that using iFR may mean a few additional stents are inserted, whilst using FFR risks inappropriate deferral of haemodynamically significant stenoses. Overall, it is more likely that, if clinicians use coronary physiology in these patients, they will use it for clear exclusion of very significant disease that may increase the risk of the TAVI procedure itself. Borderline lesions are unlikely to require intervention -point (0.89) . As a result, any inherent variability of iFR exposes a large proportion of patients (grey area under the curve) to dropping either just below or just above the treatment threshold. However, a minority of FFR values centred around the FFR cut-point (0.80) due to an inability to achieve hyperaemia. As a result, fewer patients (grey area under the curve) were reclassified despite the same inherent variability of FFR. Treatment reclassification is therefore dependent on stenosis distribution and the treatment threshold, which is yet to be defined for FFR in this context.
iFR, FFR and aortic stenosis prior to valve insertion, and are probably most appropriately managed with medical therapy, even in the medium term post TAVI.
The need to elucidate the clinical role of coronary physiology in patients with severe aortic stenosis
Scarsini and colleagues should be congratulated for attempting to define coronary stenosis severity physiologically in the context of aortic stenosis. Their study contributes to a growing number of studies that are beginning to unpick the complex physiology in these patients 14 . The ability to elucidate coronary stenosis severity independent of aortic valve severity may become increasingly clinically relevant as the use of TAVI increases and it is applied to a larger and lower-risk patient population 15, 16 . This study poses the dilemma of how to validate an invasive index of stenosis severity when all invasive indices have thus far not studied such patients. Their findings question the role of FFR as the reference standard in this context as they clearly demonstrate the inability of adenosine to increment flow. Investigators in this field must now answer several further questions before we can appreciate a role for coronary physiology in these patients: at which point of aortic stenosis severity does hyperaemic flow become impaired? How does this affect the cutpoint for FFR, and is this predictable? How do we validate iFR or any other index in these patients? Do we actually need a physiological index in these patients or should we just treat the valve and leave all, except for severe proximal disease, to be assessed and treated after the valve has been replaced? If the latter, how long should we wait post TAVI to assess coronary stenosis severity and which index should we use?
Whilst a plethora of questions remain, this study clearly suggests that, due to a lack of a valid reference standard, the role of iFR in these patients will have to be determined by randomised clinical trials comparing clinical endpoints between iFR-guided treatment and standard angiographically guided treatment. Ultimately, we will have to use the patient as the gold standard.
